Several studies carried out to investigate the effects of epileptogenic discharging lesions on learning and retention reveal some uncertainty concerning the degree of behavioural disorganization produced by such lesions. The early work of Morrell, Roberts, and Jasper (1956) clearly indicated their apparent importance for conditioning. In their study conditioning to either visual, auditory, or somato-sensory stimuli was found to be impaired in monkeys with unilateral chronic epileptogenic lesions, and improvement was noted after subsequent excision of the site of the discharging lesion. One interpretation of these findings is that the unilateral discharging lesion gives rise to bilateral disturbances of cerebral function, as shown by bilateral E.E.G. abnormalities, and that the ablation of this discharging lesion restricts the functional abnormalities to the affected hemisphere, thus producing an improvement in the ease of conditioning.
Different findings are to be found in the more recent work of Stamm and his colleagues (Stamm and Pribram, 1960, 1961; Stamm and Warren, 1961) which suggest that there is less behavioural impairment following the development of discharging lesions than following ablations. They contrasted the ability of monkeys to retain tasks which had been learned before the development of bilateral discharging lesions with their ability to learn new tasks after the lesions had been established, and these findings were compared with those of similar studies using animals which had ablations of comparable areas of the cortex. They concluded that epileptogenic lesions do not impair retention for tasks once learned, but do produce an impairment of learning ability. They state that on retention tests of previously learned tasks the performance of monkeys with epileptoid discharges is essentially indistinguishable from the behaviour of normal animals. Their findings are in marked contrast with the results of ablation experiments, which show marked disruption of preoperatively learned behaviour (Stamm and Pribram, 1961) . It must be noted, however, that these findings may be an artifact of the experimental procedure adopted, since the animals were repeatedly retrained during the development of the discharging lesions, and such overlearning is known to eliminate retention defects in animals having ablations.
Relevant evidence on this subject comes from studies in which generalized convulsive seizures have been induced in animals immediately after the learning of a new task (Duncan, 1949; Heriot and Coleman, 1962; Pearlman, Sharpless, and Jarvik, 1961) . Here we find that the seizure actually does impair the retention of the task, and that this impairment becomes progressively less marked with an increasing time interval between the end of training and the onset of the seizures. Relearning of the task is not impaired by the seizure activity, but the animal obtains no benefit from its previous practice. Such findings would appear to lend support to the hypothesis that seizure activity interrupts in some way the consolidation of the memory process for the task.
Although direct experimentation in this field has been carried out with animals, studies of the effects of epilepsy in humans also provide some relevant evidence on the behavioural disorganization of cognitive abilities produced by epileptic discharges. Milner (1958) (Balthazar and Morrison, 1961; Dennerll, 1964; Lansdell, 1962; Meyer and Jones, 1957; Meyer, 1959; Milner, 1958) .
The present study was designed to investigate the relationship between, on the one hand, the frequency of seizures and the severity of mesial temporal sclerosis, a common form of epileptogenic pathology within the temporal lobes (Falconer, Serafetinides and Corsellis, 1964) , and on the other hand the degree of impairment experienced by patients on standard intelligence test items. The subjects had each been given one form of the Wechsler intelligence scales before undergoing unilateral anterior temporal lobectomy, and the results of their test performance have been related to the severity of the pathological changes found at the time of operation and to the seizure frequency before operation. It may be argued that cognitive tests of the type used are not direct measures of learning and retention ability, but successful performance, particularly in respect of verbal tests, does call partly for the utilization of information and skills which the subject would have the opportunity to acquire during life. In addition, as pointed out above, such tests are known to be differentially impaired by epileptic foci in different regions of the brain, and the magnitude of these impairments may be dependent either on the severity of the neuropathological changes and/or the frequency of seizures.
METHODS

SUBJECTS
The findings of the present study are based upon data obtained from 32 patients admitted to the Guy's-Maudsley Neurosurgical Unit suffering from temporal lobe epilepsy. All of the patients subsequently underwent either a left or a right anterior temporal lobectomy after the presence of an epileptic focus had been established. These cases were selected on the grounds that they satisfied each of the following criteria:
Intelligence test data The complete form I or II of the Wechsler-Bellevue intelligence scales, the Wechsler adult intelligence scale, or the Wechsler intelligence scale for children had been administered to the patient before operation. In all cases the information subtest of the verbal scale was omitted from consideration, as this is not usually administered in this Unit.
Seizure frequency The case-history material available in the records of the Unit contained sufficient information for the frequency of seizures before operation to be established.
Post-operative improvement Post-operative follow-up of the patient over a number of years indicated that seizures had ceased or their frequency was much improved after operation.
Handedness Each patient was right handed.
Pathology A detailed report was prepared previously by a particular neuropathologist (Dr. J. B. Cavanagh) on the brain tissue removed at operation, indicating the severity and extent of mesial temporal sclerosis or the presence of negligible pathology. In 1959 Dr. Cavanagh surveyed the pathological changes found in the resected temporal lobes of the first 82 patients with temporal lobe epilepsy submitted to an anterior temporal lobectomy in the Guy's-Maudsley Neurosurgical Unit, and subdivided them into three groups as follows: 8 Group 1: cases with focal lesions, mostly glial hamartomas, but excluding cases in group 2 (24 cases) Group 2: cases with diffuse and disseminated lesions including Ammon's horn sclerosis, a pathological process which was later redescribed by Falconer et al. (1964) as 'mesial temporal sclerosis' (38 cases). Group 3: cases in which 'little or no abnormality of importance was noted', later redescribed by Falconer et al. (1964) as 'equivocal cases' (20 cases). He further regraded all the 38 cases of 'mesial temporal sclerosis' according to the severity and extent of the changes, while he listed cases in group 3 as having negligible pathology.
Later, when this present paper was assembled, we took his pathological grading. All the 32 cases used in the present study came from the 58 cases in his groups 2 and 3. Twenty-six cases were excluded because they did not fulfil all the other four criteria, principally because the Wechsler scores pre-operatively were not available or because the patient continued to have seizures at a rate comparable to the pre-operative level.
Data relating to the laterality of operation, age, sex, and intellectual level before operation are contained in Table I . None of these patients had been in hospital for any considerable length of time as a result of epilepsy before admission to the Unit, and they were drawn from a wide range of occupational and socio-economic levels.
GROUPING OF SUBJECTS The 32 patients were grouped according to frequency of seizures, severity of neuropathological changes, and the laterality of hemisphere presumed to be at fault and upon which temporal lobectomy was ultimately performed. The average number of seizures per week before operation was determined from the case history. A cut-off point was then located to divide the group into two subgroups containing 16 patients with 'maximum seizures' and 16 patients with 'minimum seizures'. The cut-off point was found to define the 'maximum' subgroup as having three or more seizures per week, while the 'minimum' subgroup had two or less seizures per week.
On the basis of the neuropathologist's report ratings of the extent and the severity ofneuropathological changes were ascertained for each patient. These ratings were the average of assessments of pathology on a five-point scale for each of the following structures: the hippo-campus (Ammon's horn), the amygdala, the uncus, and the cortical surface of the temporal lobe. In the case of equivocal findings being reported by the neuropathologist in these structures, minimal pathology was assumed to be present; such equivocal findings were found in eight of the 32 cases. From these average ratings of neuropathology a cut-off point was located which divided the total group, again, into two subgroups of 16 patients each in terms of the degree of abnormality. These subgroups were regarded as consisting of patients with 'maximum pathology' and with 'minimum pathology', with the cut-off being situated at a rating of 1V5 on the averaged five-point scales.
ANALYSIS OF INTELLIGENCE TEST RESULTS From the divi-
The weighted scores, with corrections for age where necessary, of the 10 subtests of the Wechsler scales, together with full-scale, verbal-scale, and performancescale total weighted scores were each analysed separately by an analysis of variance. This analysis compared differences for each set of scores due to the principal effects of seizure and pathology groupings and of hemisphere involvement, and also examined the possible significance of interactions between hemisphere involvement and the other groupings. The procedure adopted for each of the analyses was that recommended for a factorial experiment with unequal cell frequencies by Winer (1962 When the results of the analysis by laterality of temporal lobe involvement are considered, we find statistically significant differences in terms of poorer performance on the similarities, vocabulary, and digit symbol subtests by the left hemisphere group. There is also a tendency, although not reaching a high level of statistical significance, for the left hemisphere group to be impaired on tests of comprehension and digit span, and also on the verbal scale total weighted score.
From the analyses of variance it was found that with none of the scales or subtests was there a significant interaction between laterality of temporal lobe involvement and the various groups for seizure frequency and severity of neuropathological changes.
DISCUSSION
While our findings are generally inconclusive in relation to the effects on cognitive behaviour of epileptic lesions, it must be remembered that the numbers in each of our groups and subgroupings were small. With larger groups certain of the tendencies observed, but which here fall short of an acceptable level of statistical significance, might have been more clearly revealed. It is also possible that more positive findings might have been obtained if our analysis had taken account of additional variables. One such variable which we would have wished to include in this study is the age of onset of seizures, by grouping patients with onset of seizures before and after 10 years of age, but unfortunately our total number of patients was too small to permit an adequate analysis of the data if this additional variable had been included. This may be a relevant variable, however, for the distribution in terms of our seizure frequency and severity of pathology groupings suggests that patients whose seizures begin before 10 years of age tend to fall mainly in the 'maximum seizures/maximum pathology' or 'minimum seizures/minimum pathology' groupings, while with seizures starting after 10 years they tend to fall mainly in the 'maximum seizures/minimum pathology' or 'minimum seizures/maximum pathology' groupings.
The conclusions to be drawn from this study would seem to be that cognitive abilities have not been shown to be significantly related to the severity of epileptic lesions in the temporal lobe of humans. There is, however, some suggestion from the analysis of hemisphere laterality that the deficits observed in our cases are not dissimilar from those found after excision of one anterior temporal lobe, with the most marked effect being a general impairment on tests of verbal intelligence and verbal retention with left temporal involvement (Meyer, 1959; Milner, 1958) . In keeping with this is our finding that ability in the similarities subtest is more impaired in the case of left rather than right temporal lobe involvement, which may extend Reitan's (1957) proposition that ability in this subtest is always severely impaired in cases of temporal lobe pathology. We must also bear in mind the observation of the tendency for impairment of verbal abilities to occur in relation to the frequency of seizures, rather than in relation to the severity of neuropathology. If we look upon verbal intelligence test items as reflecting to some extent the ability to store and utilize concepts and information acquired during life, this observation may lend some support to the notion that the greater the epileptic disturbance caused by a lesion the greater the degree of cognitive disorganization.
We offer these findings to demonstrate how data from neurological and neurosurgical patients can be analysed in relation to a problem such as the effects of epileptogenic lesions on cognitive behaviour, and in the hope that they may stimulate other workers to improve upon this approach in future studies.
SUMMARY
The pre-operative performance on standard intelligence test items of 32 patients submitted to anterior temporal lobectomy for the relief of epilepsy was analysed in relation to frequency of seizures before operation and severity of neuropathological changes found at the time of operation. These patients were grouped according to laterality of temporal lobe involvement, and were divided into subgroups for maximum and minimum frequency of seizures and maximum and minimum severity of pathology. The findings in relation to the effects on cognitive behaviour of laterality of involvement are in general agreement with previous studies. While the findings are inconclusive in relation to the effects of epileptic lesions on cognitive behaviour, there is some evidence, although statistically not highly significant, to suggest that impairment on verbal intelligence test items is more dependent upon frequency of seizures than upon severity of neuropathological changes.
